Introduction
Cassini Visual and Infrared Mapping System (VIMS) detected complex CO 2 on the surface of Iapetus during the New Year 2005 flyby [1] . The question we tried to answer is the stability of free CO 2 on Iapetus's surface. Previous work analyzed the stability of CO 2 in the solar system and showed that CO 2 would quickly be lost from a body at Saturn distances [2] . However, his analysis was focused on comets and neglected the effects of gravity and accumulation into cold traps. These effects have been included in our study.
Computer Model
We created a model for the transport of CO 2 on Iapetus which focused on two major aspects, the rate of sublimation and the ballistic movement of the CO 2 .
The amount of CO 2 sublimated is a function of the surface temperature equation 1 and pressure equation 2. The model calculated the surface temperature using thermal conduction, black body radiation and the cooling effect due to sublimation. We used a thermal inertia of 30 watts mK √ s suggested by Cassini CIRS [3] . We set the albedo to 0.04 for the dark side and 0.5 for the bright side.
The relationship describing mass flux,Ṁ ( g s·cm 2 ), is given by equation 1. P is pressure. µ is the molar mass. R is the ideal gas constant, and T is temperature [2] .
Equation 2 shows the relationship between temperature, T, and pressure, P (Torr) [2] . Once CO 2 sublimates, it will move around the moon with its destination based upon the speed and the angle it leaves the surface. We assigned a Maxwell-Boltzmann distribution for the speed. The CO 2 which reaches escape velocity for Iapetus, 591m/s, will be lost from the system. We assigned the direction of the velocities with a symmetric distribution, giving no preference in azimuth or elevation. From this velocity vector, we computed the destination of the CO 2 via a suborbital ballistic flight.
Results
To initially characterize the movement of CO 2 on Iapetus, we ran several models in which a sheet of CO 2 ice was placed at 0, 15, 30, 45, 60, 75 and 90 degrees respectively. The models were run for one full solar orbit so that both the effect of summer and winter were modeled. The results from these point source models can be seen in table  1 and table 2. The sublimation rate describes how much CO 2 would sublimate from Iapetus at the given latitude. The scurry rate is the effective movement of material from a given latitude. Most of the ballistic hops that CO 2 takes are short due to the relatively low temperatures (< 130
• K). Thus, much of the CO 2 will fall back near the source resupplying it and making the amount of material moving less than the sublimation rate. The point escape is how much CO 2 will be lost to the system because it reached escape velocity.
Additionally, when Iapetus is considered as an entire system, more CO 2 will be lost since the entire surface has an effect. Given a sheet of ice at the pole, 1.2 · 10 −8 mm/year will be lost to space. However, 1.19 · 10 −3 mm/year will be sublimated, covering the rest of the moon. During the CO 2 hopping to find a new cold trap, much of the material will be lost from the system. Initial results indicate that 2 · 10 5 kg/year can be lost from a small ice cap covering from 89.5N to 90N.
The entire surface of Iapetus reaches temperatures in which the sublimation rate is too high for CO 2 ice to last without resupply. The poles, Iapetus's coldest place, have a maximum temperature of 72
• K during the summer and will be in shadow for 14 years during the winter. Even this is not enough to shelter the CO 2 which has an average sublimation rate of 1.2 microns/year.
During a seasonal cycle, this CO 2 will move from the summer pole to the winter pole. Initial results show that the amount of mass movement is on the order of 10 9 kg/orbit. During this movement, about 5% of the CO 2 that is in motion will reach escape velocity and be lost to space.
Polar Caps
There are three major scenarios for polar caps on Iapetus depending on the amount of CO 2 : transitory, a seasonal cap, and a permanent cap.
VIMS is sensitive enough to detect trace amounts of materials on Iapetus's surface, potentially as low as 10 microns thick. Such a trace amount of CO 2 could be present on Iapetus, while not enough to create a polar cap, but enough to be detected. This thin layer would be short lived unless it is resupplied from a source.
A seasonal polar cap is one which will only last during the moon's winter. When spring time arrives, that pole will begin to lose the coating of frost that collected during the winter until it is barren at the end of the summer. The limit of mass for a seasonal cap is around 1.6·10 9 kg, which makes a polar cap about 20 microns thick and covering the latitudes from 87 to 90 degrees.
Seasonal caps are short lived without resupply. The loss of about 5% of the CO 2 each solar orbit means that any seasonal cap would not last more than a few orbits. Resupply, such as from a vent, would be required for a seasonal cap to exist.
A permanent polar cap is one in which the thickness of a pole never reachs zero. For this to occur on Iapetus, the amount of CO 2 needed is over 1.6·10 9 kg. Like the seasonal caps, permanent caps are not stable over geologic time without resupply because so much material will be lost each solar orbit. There will be even larger amounts of CO 2 moving between the two poles since more ice will be at lower latitudes.
Initial results from the model indicate that permanent poles can be stable if they are supplied by a flux on the order of 10 6 kg/year.
Sources
CO 2 is unlikely to be seen on Iapetus without a resupplying source. Resupplying sources could include endogenic mechanisms such as a vent outgassing CO 2 similar Enceladus, or exogenic such as the residue from a comet or asteroid impact.
Conclusion
The calculations of the volatility of free CO 2 show that it is unstable over geologic time. Thus, if CO 2 is not resupplied, it will move from pole to pole until it is lost to space. If VIMS detects CO 2 on the surface during its 2007 flyby, then we there should be a source feeding the system, whether endogenic or exogenic. Further study will be to characterize the needed flux rates to generate permanent polar caps and estimate the size of seasonal polar caps.
